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ABSTRACT 

Dissolution r a t e s  o f  water-insoluble drugs such 

a s  Chlorothiazide, Hydrochlorothiazide, Flumethiazide 

and Cyclopenthiazide were markedly increased when 

dispersed i n  polyethylene glycol 60010. The increased 

d isso lu t ion  r a t e  was believed t o  be a t t r i b u t e d  t o  t he  

molecular and f o r t h e  co l lo ida l  dispersion of t h e  drug 

i n  the  matrix of  P E G  6000. Bendroflunethiazi.de and 

Methylclothiazide were found t o  be decomposed by e i t h e r  

of  dispersion techniques. 
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884 DESHPANDE AND AGRAWAL 

INTROUUCTION 

A number of modern therapeutic agents are poorly 

soluble in the aqueous fluids of the gastro-intestinal 

tract. Consequently, the in vivo dissolution rate of 

these compounds is low and their gastro-intestinal 

absorption tends to be incomplete and erratic (1 ) .  

Since dissolution rate is directly proportional to the 

surface area (2), one may increase the rate by decreas- 

ing particle size of the drug. The greater the surface 

area, rapid the dissolution and thereby faster absorp- 

tion, provided that the absorption is rate limited by 

the dissolution process. This reduction in the 

particle size has also limitation because of lot of 

factors, but formulation of a drug as a solid disper- 

sion effectively causes a reduction in particle size. 

Enhancement of the rate of dissolution by this method, 

and thus possible absorption rate increase for poorly 

soluble drugs, has been shown by number of workers 

( 3  - 71). Many water soluble carriers have been 

employed in these systems and new agents continue to 

be tested. 

The purpose of this investigation was to compare 

the dissolution of some of the pure benzothiadiazine 

derivatives and dispersed mixture of the same, by 

solvent and melt dispersion techniques. 
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INCREASING THE DISSOLUTION RATE 885 

EXPERIMENTAL 

Materials .. The fo l lowing  ma te r i a l s  were used:- 

Drugs - Chloro th iaz ide ,  Hydrochlorothiazide,  Bendro- 

f lumeth iaz ide ,  Cyclopenthiazide,  Piethylclothiazide and 

Flumethiazide.  

Carrier - Polyethylene g lyco l  6000. 

A l l  t h e  m a t e r i a l s  and chemicals were obtained 

from s tandard  sources  and were of pharmaceut ical  grade. 

P repa ra t ion  of Samples - Dispers ions  w i t h  ca r r ie r  and 

each drug were made by e i t h e r  so lverLt  o r  melt method 

(depending on s u i t a b i l i t y  o f  the process) .  

ta tes  from so lven t  method were prepared by d i s s o l v i n g  

t h e  carrier and each drug s e p a r a t e l y  i n  s u f f i c i e n t  

acetone-methanol mixture (1 : I ) t o  fi.illy solubi1,ize 

t h e  materials. The so lven t  was allclwed t o  evaporate  

by s t i r r i n g  under ambient condi t ions .  The l a s t  traces 

of  t h e  so lven t  were removed by h e a t i n g  t h e  sample t o  

cons tan t  weight a t  45'. It  w a s  observed t h a t  some of 

the  benzothiadiazines  such as bendroflumethiazlde and 

methylc lo th iaz ide  were decomposed even when they  were 

d r i e d  a t  35'. 

phys ica l  mixture o f  the drug, such #as hydrochloro- 

t h i a z i d e  102 and c a r r i e r  PEG 6000, i n  a b o i l i n g  tube  

over  a h o t  o i l  bath. The m e l t  was s t i r r ed  u n t i l  the  

Coprecipi-  

The mel t s  were prepared by h e a t i n g  a 
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886 DESHPANDE AND AGRAWAL 

drug dissolved i n  the  c a r r i e r  and uniformity of  t h e  

drug i n  the melt was at ta ined.  The melts were so l id i -  

f i e d  by pouring on a clean and dry s t a i n l e s s  s teel  

p la te .  

I t  must be emphasized here  t h a t  some of the  

dispersed mixtures prepared both by solvent  dispers ion 

technique and melt method e i t h e r  took too  long time o r  

never dr ied  a t  a l l .  The summary of the preparat ions 

is given i n  the  t a b l e  I. The dispers ions from both 

methods were pulverised i n  a mortar and those which 

passed through a mesh s i z e  250 A ~ I I ~  and re ta ined  on 7 5 ~  

were considered f o r  f u r t h e r  s tudies .  

S t a b i l i t y  Studies  of Fused Mixtures - To t e s t  whether 

t he  drugs were decomposed by the  fusion process, UV 

s p e c t r a l  characteristics of  t he  pure and t h e  processed 

samples were car r ied  out. I n  t h e  UV study the spec t ra  

o f  pure and dispersed drugs i n  1% methanol solutions 

were scanned from 200 t o  340 nm by recording PYE 

UNICHEM Spectrophotorneter, For chromatographic s tud ie s  

s t rong  ammonia so lu t ion  and amyl alcohol (1:9) was used 

a s  the  solvent,  A f t e r  developing the  chromatograms by 

ascending technique, t h e  s p o t s  were located by UV l i g h t  

(12) . 
Dissolut ion R a t e  Studies  - 
and dispersed drugs were carried out  i n  100 m l .  

Dissolut ion rates of pure 
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INCREASING THE DISSOLUTION RATE 887 

d i s t i l l e d  water a t  room temperature ,  u s ing  t h e  USP X I X  

d i s s o l u t i o n  appara tus .  

were used, (Table I). The pure drug or  d i spe r sed  drug 

w a s  placed i n  a c e l l u l o s e  bag and was suspended i n  t h e  

beaker con ta in ing  water a t  37'. 

s t i r r ed  a t  a r a t e  of 50 rpm. The s o l u t i o n  was with- 

drawn a t  appropr i a t e  i n t e r v a l s  and w a s  replaced by 

equiva len t  amount of  f r e s h  d i s t i l l e d  water. 

The d i f f e r e n t  amount of drugs 

The s o l u t i o n  was 

The wave l e n g t h s  used f o r  measuring absorbance 

i n  t h e  d i s s o l u t i o n  rate s t u d i e s  were as follows:- 

Chloro th iaz ide ,  281 a, hydrochloro th iaz ide ,  317 m, 

bendrofl-umethiazide, 274 a m ,  f lumeth iaz ide ,  27'9 h lm 

and methylc lo th iaz ide ,  272 m, r e spec t ive ly .  

The concent ra t ion  of drugs w a s  c a l c u l a t e d  from 

t h e  absorbance d a t a  according t o  e s t a b l i s h e d  Beer ' s  

l a w  p l o t s .  The presence of t h e  c a r r i e r  i n  t h i s  s tudy  

d i d  n o t  a f fec t  t h e  assays .  A l l  s t u d i e s  were run a t  

l eas t  i n  dup l i ca t e .  The d i s s o l u t i o n  c h a r a c t e r i s t i c s  

of t h e  s o l i d  d i spe r s ions  were reproducible .  A 

s l i & t l y  h ighe r  but  r e l a t i v e l y  in s i . gn i f i can t  

v a r i a t i o n  w a s  seen between runs  o f  t h e  pure compounds. 

RESULTS AND D I S C U S S I O N  

S t a b i l i t y  S t u d i e s  - 
molar e x t i n c t i o n  c o e f f i c i e n t  of pure and processed 

Rf values  and 1J.V. s p e c t r a  and 
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DESHPANDE AND AGRAWAL 89 0 

TIME IN MINUTES 

FIGU- 1. 

Dissolution profiles of chlorothiazidg and chlorothia- 
zide PEG 6000 solid dispersions at 28 C. a p u r e  sub- 
stance (0.17 m g / m l > , d  ure substance (0.44 m g / m l ) ,  
CI 5% .co-ppt. (2.2 m g / m l P ;  rn 546 co.ppt. (8.8 rng/rnl). 
AIWo co-ppt. (1.1 m g / m l ) ,  ~ 1 0 %  co-ppt (4.4 m g / m l > .  
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INCREASING THE DISSOLUTION RITE 89 1 

MINUTES 

FIGURE 2 

Disso lu t ion  p r o f i l e s  of hydroch lo ro tn i az ide  and 
hydrochloro th iaz ide  - PEG 6000 s o l i d  d i s p e r s i o n s  a t  28' 
0 pure  subs tance  (0.295 m g / m l ) ,  d 5% m e l t  (5.9 ,mg/ml), 
x 5% m e l t  (17.7 m g / m l ) .  

drugs were i d e n t i c a l  w i t h i n  exper imenta l  e r r o r ,  i n d i -  

c a t i n g  any l a c k  of decomposition. Elowever, both t h e  

me l t s  and c o p r e c i p i t a t e s  of bendroflumethiazide and 

me thy lc lo th i az ide  show decomposition d e t e c t a b l e  by U.V. 
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89 2 DESHPANDE AND AGRAWAL 

. ‘ p  d 
1. ‘ I 

TIME IN MINUTES 

FIGURE 3 

Dissolution profiles of flumethiazide and flumethiazide 
PEG 6000 solid dispersions at 28”. pure substance 

0 pure substance (2.0 mg/ml),r 96 co-ppt, 
5% co-ppt (40 mg/mll,n 1% co-ppt (5 rng/ml) D
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INCREASING THE DISSOLUTION RATE 89 3 

+ _- 
A 

10 20 3 0  4 0  50 60 
MINUTES 

F I G U R E  4 

Disso lu t ion  p r o f i l e s  of cyclopenthiazide an$ cyclopen- 
t h i a z i d e  - PEG 6000 s o l i d  d i spe r s ions  a t  28 .a pure 
substance (0 ,2  mg/ml),a 5% melt ( 4  mg/ml), 
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89 4 DESHPANDE AND AGRAWAL. 

spec t ra  and by the presence of more than one spot  on 

the paper chromatogram with d i f f e r e n t  Rf values. 

Dissolut ion Rate Studies  - Figures 1 t o  4 show excel- 

l e n t  d i sso lu t ion  r a t e s  obtained by dispers ion system 

with 5% dispersed drug i n  the  system when ha l f  satura- 

t i o n  d isso lu t ion  t e s t  was applied. By super-saturation 

t e s t  method, a l l  drugs i n  the  dispersed system a t t a ined  

super-saturation i n  less  than 10 minutes. The dissolu- 

t i o n  of t he  drugs from t he  powders of  the  same s ieve  

was much slower, r a t h e r  i n  c e r t a i n  cases it w a s  almost 

insoluble.  T50 was g rea t e r  than 60 minutes i n  a l l  t he  

cases. The time required t o  disolve 5@ (designated by 

T5-,) of the four  insoluble  drugs was ranging from 4 t o  

15 minutes, and the  time required t o  dissolve 77b 

(designated by T 1 was ranging from 7 t o  50 minuteso 

There w a s  an increase by almost 60 t o  ZOO”/t, i n  T and 

20 t o  11C$ i n  T75 when the  dispersed drug concentra- 

t i o n  was 1% as compared t o  50%. 

75 

50 

Although the exact physical  nature  of  these 

dispersed systems was not  inves t iga ted  i n  t h i s  p r e l i -  

minary study, it i s  believed tha t  t he  reduction of t he  

particle s i z e  of t h e  drug t o  t h e  molecular l e v e l  and/or 

co l lo ida l  l e v e l  i s  the  primary contr ibut ing f a c t o r  f o r  

these phenomenon. T h i s  explanation i s  based on t h e  

t h e o r e t i c a l  considerations of  molecular s i z e  difference 
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INCREASING THE DISSOLUTION RATE 89 5 

between t h e  polymers and the cirug and  cool ing  and 

v iscous  e f fec t  o f  t h e  drug - polyethylene glyco m e l t .  

r'rom these i n v e s t i g a t i o n s  and previous r e p o r t s ,  

one can accep t  the importance o f  polyethylene g lyco l  

polymers t o  se rve  as  fast r e l e a s e  cai-brier f o r  poorly 

so lub le  drugs.  I t  i s  also a good tecnnique f o r  

i nco rpora t ing  t h e  in so lub le  drug f o r  f a s t e r  absorp t ion  

i n  -L;m system. 
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